Abstract. An experiment to search for 2 processes in 116 Cd with the help of enriched (to 82%) cadmium tungstate crystal scintillators is in progress at the Gran Sasso National Laboratory of the INFN (LNGS, Italy). After 11074 h of data taking in the last configuration, the preliminary estimate for the half-life of 116 Cd relatively to 2 2 decay is T 1/2 = [2.52 0.02(stat.) 0.14(syst.)] 10 19 yr. By using the data of previous stages of the experiment with a similar level of background ( 0
INTRODUCTION
The search for the neutrinoless double beta (0 2 ) decay provides a unique possibility to test the Standard Model of particles (SM) ( [1] and Refs. therein). The process is forbidden in the SM since it violates the lepton number by two units, and can exist only if the neutrino is a massive Majorana particle. However, massive Majorana neutrino is predicted by many SM extensions. The isotope 116 Cd is one of the most promising for 0 2 experiments both from theoretical (favorable estimations of the decay probability [2, 3] ) and experimental (high energy release Q 2 = 2813.50 (13) keV [4] , relatively high isotopic abundance = 7.49% and possible isotopic enrichment in a large amount) points of view.
MEASUREMENTS, RESULTS AND DISCUSSION
A cadmium tungstate crystal ( 116 CdWO 4 ) was produced from the deeply purified cadmium enriched in 116 Cd to 82.2% by using the low-thermal-gradient Czochralski crystal growth method [5] . CdWO 4 crystal scintillators and it is in progress in the low background DAMA/R&D set-up installed deep underground at the LNGS (Italy). In the last set-up configuration two 116 CdWO 4 crystal scintillators (total mass of 1.16 kg) are fixed in polytetrafluoroethylene containers filled with ultrapure liquid scintillator. The crystal scintillators are optically connected through high purity quartz light-guides ( 7×40 cm) to low background high quantum efficiency photomultiplier tubes (PMT, Hamamatsu R6233MOD). The detectors are installed inside a low radioactive copper box flushed with highly pure nitrogen gas with an external shield made of copper (15 cm), lead (15 cm), cadmium (1.5 mm) and paraffin (4 to 10 cm). The whole set-up is enclosed in a plexiglas box flushed with high purity nitrogen as well to remove radon. The background rate in the region of interest 2.7 2.9 MeV is on the level of 0.1 counts/(yr kg keV). The energy resolution of the detector for gamma quanta of 208 Tl with energy 2615 keV is FWHM 5%. To separate quanta ( particles) from particles, the data of the low background measurements were analyzed by using the optimal filter method proposed by E. Gatti and F. De Martini [8] . The energy spectrum of ( ) events accumulated over 11074 h is presented in Fig. 1 . The spectrum was fitted in the energy interval 660 3300 keV by the following model: the 2 2 distribution of 116 Cd (solid line), the distributions of the internal contamination by 40 K (points), 232 Th and 238 U (dotted lines), and the contribution from external quanta (dashed line). Response of the 116 CdWO 4 detector to 2 processes in 116 Cd as well as radioactive contamination has been simulated with EGS4 package [9] . The initial kinematics of the particles emitted in the decay of the nuclei was given by an event generator DECAY0 [10] . The fit gives the half-life of 2 2 decay of 116 Cd to the ground state of 116 Sn as T 1/2 = [2.52 ± 0.02(stat.) ± 0.14(syst.)] 10 19 yr. The main contribution to the systematic error comes from the fit conditions: the bounds set for the known radioactive contamination of the crystal scintillators and the PMTs (more strict "1 "-bounds were used for well known values, while we set "2 "-bounds for radioactive contamination of copper and light-guides), interval of the fit, quenching for particles (non-proportional light response of CdWO 4 scintillator [11, 12] ). The signal to background ratio is 2.6:1 in the energy interval 1.1 -2.8 MeV. To estimate a limit on 0 2 decay of 116 Cd to the ground state of 116 Sn we used the data from two stages of the experiment with the lowest background counting rate in the region of interest (the total measurement time is 19770 h). There are no peculiarities in the data accumulated with the 116 CdWO 4 detector that could be ascribed to other 2 decay processes in 116 Cd (see also Fig. 2 where the energy spectrum accumulated over 19770 h in the energy region near the expected peak of the 0 2 decay of 116 Cd is presented). The lower half-life limits can be estimated by using the following formula: limT 1/2 = N × × t × ln2 / limS, where N is the number of 116 Cd nuclei in the 116 CdWO 4 crystal, is the detection efficiency (the efficiency of the PSA selection of ( ) events is 0.98), t is the time of measurements, and limS is the number of events of the effect searched for, which can be excluded at a given confidence level (C.L.). The best fit in the energy interval 2500 3100 keV by the model, constructed from the 2 2 spectrum of 116 Cd, external gamma quanta related with radioactive contamination of the set-up details (copper, light-guides), internal contamination of the crystals by thorium, and the simulated energy spectrum of cosmogenic 110m Ag, gives the area of the 0 2 distribution S = -2.1 9.1 counts, which gives no evidence of the effect. In accordance with the Feldman-Cousins procedure [13] , we obtained limS = 12.9 counts at 90% C.L, which leads to a limit on the 0 2 decay of 116 Cd to the ground state of 116 Sn: T 1/2 1.9 10 23 yr at 90% C.L.. Limits on other 2 processes in 116 Cd were obtained in a similar way by analysis of the experimental data in the energy intervals where large values of the ratio "detection efficiency to the square root of background" were achieved. The limits are presented in Table 1 . 
